Introduction
The next major step in the development of tokamaks towards fusion power plants will be the International Thermonuclear Experimental Reactor (ITER). This machine will be equipped with an electron cyclotron resonance heating (ECRH) system which can be applied for very localised heating of the plasma or for current drive (ECCD) in the plasma [1] . One major objective of this system is the suppression of plasma instabilities, particularly the so-called neoclassical tearing modes (NTMs) which are very likely to appear in current operating scenarii of ITER. These modes are excited on different rational surfaces, but the modes (m/n)= (3/2) and (2/1), where m is the poloidal and n the toroidal mode number, repectively, are considered to be the most dangereous ones. The occurence of the modes at different locations requires a flexible tool in order to react on the specific mode during the discharge. To deposit the ECRH power at different rational surfaces it is necessary to sweep the beam in the poloidal direction. The present launcher concept which is foreseen to fulfill this task is the so-called remote steering launcher. Its main technical advantage is that moveable parts close to the plasma are completely avoided while the injection angle of the beam into the plasma is adjusted several meters away from the plasma [2] . The launcher concept is based on the imaging properties of square waveguides of a certain length L B = 4a 2 /λ where a is the waveguide inner width and λ the vacuum wavelength. The propagation constant for TE m,n modes in a waveguide with square cross section is given by k m,n = k 0 (1- ). This shows that the propagation constants of the modes differ by a multiple of ∆k= πλ/(4a 2 ) and hence the phase difference δ of adjacent modes is an odd multiple of π for a waveguide length of L= L B . Thus, an antisymmetric image of the field distribution at the waveguide entrance is reproduced at the end of the waveguide. However, for large scanning angles higher order terms contributing to δ become important. They result in a phase slippage of the waveguide modes in the form ∆δ≈ kaϕ 3 (n 1 -n 2 ) which limits the useful scanning angle range [3] . Figure 1 shows the calculated TEM 00 power in the wanted direction (Note: the power losses due to Ohmic heating are much lower). This example shows that the mode purity is high (> 90 %) for scanning angles up to 10°. For higher angles the power in the main beam is strongly decreasing and a beam in the opposite direction develops. In an earlier work results of low-power measurements on a square waveguide in the frequency range 140 -160 GHz were presented [3] . This contribution reports on first high power experiments with a straight square waveguide at 140 GHz (high-power tests at 170 GHz are given in [5] ). In the following we will describe the experimental set-up and present some results.
Experimental set-up
The experiments have been carried out using the installations foreseen for the stellarator W7-X which is currently under construction in Greifswald, Germany [6] . A Gaussian beam is produced by a gyrotron at 140 GHz. This gyrotron is capable of delivering a power of up to 1 MW at a pulse length of up to 5 s and 470 kW at a pulse length of up to 180 s [7] . The transmission path from the gyrotron to the waveguide is given in Fig. 2 . The complete transmission line of the ECRH sytem of W7-X is made of reflecting mirrors and is operated under atmospheric pressure, all standard components are designed for cw operation and are watercooled. In front of the square waveguide we have introduced two (uncooled) mirrors which adapt the beam parameters and allow steering of the input beam in the horizontal direction while guiding the beam to the center of the waveguide entrance. One segment of the square waveguide consists of four corrugated walls, each 0.5 m long, screwed and fixed together, The total length of the waveguide is L B = 6.62 m, the inner width is a= 60.08 mm, the inner walls have a corrugation with periodicity p= 0.7 mm, depth d= 0.45 mm and groove width w= 0.4 mm. The RF power is measured with a load which is placed at the end of the waveguide [8] , alternatively short pulses are fired on an absorbing screen placed at a distance of about 2 m from the waveguide end. The thermographic image of the beam on the absorbing screen and the heating of the waveguide wall during a long pulse shot has been recorded with an IR camera. Thermal sensors (PT100) are mounted in the side wall of the first section of the waveguide, close to the inner wall to monitor the temperature increase in the region of the highest heat load (see Fig. 3 ). Fast optical detectors are used at the entrance and output of the waveguide to provide a shut down signal for the gyrotron in case of arcing. 
Experimental Results
Several pulses have been performed with a pulse length of up to 10 s and a typical power of ≈500 kW. The scanning angle has been variied from ϕ= 0° to 12°, the polarisation was linear, either parallel or perpendicular to the scanning plane. In spite of the fact that the waveguide was operated at normal atmospheric pressure no limitation due to arcing in the waveguide was found. An example of a measurement with an IR camera is given in Fig. 4 . It shows the rectified image of the temperature distribution on the outer surface of the waveguide and a calculation of the power distribution on the inner waveguide wall. Both are in good agreement. Figure 5 shows the temperature increase at the first reflection of the beam measured with the thermal sensors in a 5 s shot at a scanning angle of 11.6° and perpendicular polarisation. Four elements of each row (central, top and bottom) are given. These data can be used to obtain a rough estimation of the Ohmic losses. Simple integration of this temperature distribution gives the following values for the losses at the first reflection in parallel (P Loss,II ) and perpendicular (P Loss,⊥ ) polarisation: P Loss,II = 0.9 kW, P Loss,⊥ = 0.3 kW. This has to be compared with laboratory measurements in a precise 3-mirror set-up [9] . For the corrugated wall the ratio of the absorption coefficient of parallel and perpendicular polarisation was measured to be around 3.5 at the respective angle of incidence. The absorption in the waveguide wall can be used to calibrate the calculated angular dependance of the total Ohmic losses of the waveguide. This results in the following approximate formulae: P Ω,II ≈ 0.033 ϕ 2 [°, %], P Ω,⊥ ≈ 0.01 ϕ 2 [°, %]. Far-field pattern of the radiated beam on a absorbing screen have been monitored with the IR camera at a distance of 2.175 m from the end of the waveguide. The scanning angle has been variied from 0° to 20°. To avoid the damage of the target the power and pulse length had been reduced to 250 kW and 0.3 ms, respectively. Three shots with 0°, 10° and 12° are given in Figure 6 . They show a good qualitative agreement with the low power measurements (see Figure 6) . A single beam is observed up to 12° with a low side lobe level, for higher angles (e.g. 15°) the output beam is splitted in two beams with a power ratio which is close to the low power result.
Summary
High-power tests of a remote steering launcher system have been performed successfully with a four-side corrugated square waveguide operated under atmospheric pressure. The maximum values with respect to pulse length, mmwave power and injection angle were: t= 10 s, P= 660 kW and ϕ= 20°. In all described operating regimes, no arcing was observed. The results are in good qualitative and quantitative agreement with low power measurements and results at 170 GHz in an evacuated waveguide [5] .
This work was carried out under the EFDA technology research programme activities, EFDA technology task TW3-TPHE-ECHULB6. The ECRH for W7-X is built up in the frame of the project PMW hosted at FZK Karlsruhe (collaboration between FZK Karlsruhe, IPP Garching and Greifswald, and IPF Stuttgart). 
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